The remainder of this paper is organized as follows. The next section contains a review of earlier related studies. In Section 3, the methodology is described, while the findings, implications, and discussions are presented in Section 4 and the conclusion in Section 5. Table 1 . In this study, we use this conceptual framework because it is a comprehensive framework that includes different perspectives as well as detailed measurements for each perspective, and because it has been widely adopted by many researchers. 
Theoretical background

Methodology
As discussed above, because R & D performance is a multi-criteria concept, to measure it, we should use MCDM method. MCDM methods allow us to consider multiple criteria with different weights. There are several MCDM methods that have been applied in literature (Triantaphyllou, 2013) . In this study, we use a newly developed MCDM method called best worst method (BWM) (Rezaei, 2015 (Rezaei, , 2016 ). Compared to similar existing methods, BWM requires less data, as it does not need a full pairwise comparison matrix, and it produces more consistent results due to its structured pairwise comparison system, which is the main reason we use it in this study. It is also perceived by the decisionmakers as simple and very close to the way they judge and reason while making decision. This method has been applied to some practical problems such as risk assessment ( Here, we briefly describe the steps of the BWM.
Step 1. Determine a set of decision criteria. In this step, we identify the decision criteria, which may be presented at different levels.
Step 2. Determine the best (B) (e.g. the most desirable, the most important) and the worst (W) (e.g. the least desirable, the least important) decision criteria based on the decision-maker(s)/expert(s) opinion.
Step 3. Determine the preference of the best decision criterion (B) over all the other decision criteria, using a 9-point scale (numbers between 1 and 9; 1: B is equally important to j; 9: B is extremely more important than j). The result is a best-to-others (BO) vector as follows.
,
where a Bj represents the preference of B over j and a BB = 1.
Step 4. Determine the preference of all the decision criteria over the worst criterion (W), using a 9-point scale (numbers between 1 and 9; 1: j is equally important to W; 9: j is extremely more important than W), 
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where a jW represents the preference of j over W and a WW = 1.
Step 5. Find the optimal weights … w w w ( *, *, , *) For MCDM problems with more than one level, we should identify the weights for different levels following the BWM steps, after which we can multiply the weights of different levels to determine the global weights.
Using BWM, the optimal weights of the criteria … w w w ( *, *, , *) 
Results and discussion
Here, we first present the conceptual framework, adopted from Bilderbeek (1999), to measure R & D performance as a multi-criteria decision-making problem, as shown in Fig. 1 . Fig. 1 is, in fact, a visualization of Table 1 , representing four perspectives (main criteria) to measure R & D performance (customer, internal business, innovation and learning, and financial), as well as the items (sub-criteria) of each perspective (3 sub-criteria to measure customer perspective, 6 sub-criteria to measure internal business perspective, 4 sub-criteria to measure innovation and learning perspective, and 4 sub-criteria to measure financial perspective).
As mentioned before, to measure the R & D performance of a firm we need two sets of data: the optimal weight for the criteria, … w w w ( *, *, , *)
and the firm's score on the various criteria, x ij . To determine the optimal weights, we used expert opinions, while, to determine the scores, we used data from a survey among the managers of 50 high-tech SMEs in the Netherlands. In the following section, we first describe the weights and then the scores, and finally the use of (4) to determine the overall R & D performance of each firm.
Weights of R & D measures
To find the weights of the criteria and sub-criteria, we interviewed eight experts in the field of R & D individually, collecting comparison data needed for BWM. Next, we determined the weights using BWM for these experts. Finally, we used aggregation (based on a simple average) to determine the overall weights for the criteria and sub-criteria. Table 2 shows the aggregated weights of the four main criteria and their items (sub-criteria) based on the input provided by the experts (see also Figs. 2 and 3) . The consistency ratios are all close to zero ranging from 0.03 to 0.17, which shows the high reliability of the results.
As can be seen from Table 2 
R & D item-scores of high-tech SMEs
In a survey among the managers of 50 high-tech SMEs in the Netherlands, they provided us with their R & D item-scores (see Table 3 ).
We asked the respondents to rate the R & D level of their companies based on items from different R & D perspectives (customer, internal business, innovation and learning, and financial) on a nine-point Likerttype scale.
As shown in Table 3 , the scores of the various SMEs are determined for different items of each perspective. If we make a simple mean with equal weights for the items, we see that there are several firms with the 
Measuring R & D performance of high-tech SMEs
In this section, we measure the R & D performance of 50 SMEs using R & D item-scores (Table 3) Table 2 ). Firm 5 shows the best performance from the customer and innovation and learning perspectives (ranking 4th in both cases), while firm 1 has the lowest ranking from these two perspectives (ranking 16th). These results allow firms to determine their position and, based on their objectives, decide to consolidate or improve their position.
Moreover, in some situations, where the aim is not to compare the position of firms with each other or such a comparison is impossible to make, knowing the importance of each perspective and the items involved can help firms improve their performance based on their main objectives. More precisely, if a firm wants be prominent in innovation and learning, it should focus on and invest in creativity, since the results in Table 2 show that the creativity/innovation level is the most important item from an innovation and learning perspective. Moreover, by changing their objectives, firms can change their strategy and invest more in specific perspective(s) in line with their new objectives. For instance, if a firm has thus far focused more in the financial perspective, focusing more on customer aspects can help the firm improve its R & D by looking at customer satisfaction, since the results in Table 2 show that customer satisfaction is the most important measurement within the customer perspective. Therefore, regardless of knowing its position relative to other firms, based on the weight of the items of different R & D perspectives (Table 2) 
